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ABSTRACT 


H-alpha spectra taken at 1? second intervals from the event of 
S Septo 1973 have been interpreted by comparison with synthetic profiles® 
These spectra were taken with the multislit spectrograph at the 
Lockheed Solar Observatory® A sequence of 2? high resolution H-alpha 
profiles was obtained from the second brightest flare kernel* The 
profiles were generally self reversed with a maximum peak intensity of 
1.16 X continuTun and a maximum central intensity of .91 x continuum. 

The line characteristics such as red and violet peak intensities and 
positions, center shifts and intensities and wing intensities were 
tabulated. 

Synthetic H-alpha profiles were generated from a finite layer 
assuming simple parametric forms for the source function and velocity 
field® The velocity chosen always decreased with optical depth and 
had the same sign. For absorption profiles, bisector shifts were 
calculated for a variety of velocities. 

The velocity field and source function vrere derived as a function 
of optical depth and time. The depth variation of these quantities is 
not as large as predicted by flare theories nor is the predicted velocity 
usually outward. The velocity observed was initially outward lasting 
for about 5 minutes after which it changed to a downward direction. 

The surface velocity rose rapidly to about 12 km/sec decaying slowly 
to 0 after about 5 minutes. The velocity decreased with increasing 
optical depth falling roughly by a factor of two at a line center 
optical depth of 10, 
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The line center optical thickness of the flare remained 
essentially between 60 and The Doppler ha!Lf width varied 

between .36 and ,?2 S<, The local electron temperature required 
to give the correct intensities seemed to be 7000 ~ 10000 
The temperatures derived from the Doppler widths on the other hand 
were I6OOO - 33000 °K indicating perhaps turbulent velocities of 
13 ~ 20 km/sec» The shifting of the line centers and peaks indicate 
that the actual velocity may change sign at some depth in the 
flare and future work should include other velocity models o 

A paper describing this work is being submitted to Solar Physics. 
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Analysis of Time Dependent H-alpha Flare Spectra 


I. INTRODUCTION 

The basic objective of this study is to obtain the 
gross velocity field as a function of time from a study of 
H-alpha flare profiles at one flare position along with 
specifying the approximate behavior of the source function. 

Research into solar flare mechanisms has been very 
active in recent years. This work has been mainly theor- 
etical although numerous patrol and specific observations 
have been made. With the advent of satellite and ATM 
observations we are able to use other UV and x-ray lines 
to extend the models. These space observations have not 
however really provided good sets of high resolution spectra 
over the flare region throughout the entire time development 
of the flare. Such a set of extensive H-alpha profiles 
with resolution of about 0.05 S has been obtained at the 
Lockheed Solar Observatory. These data have been obtained 
with the new unique multislit spectrograph. 

With support from NASA and components provided by 
Lockheed, the multislit spectrograph was built and tested 
in 1970 and 1971. It was in nearly continuous operation 
between 1972 and 1974. The most important unique fea.ture 
of this H-alpha spectrograph is the 30 entrance slits 
spaced evenly every 22 arc seconds across an active region. 
This allows a very complete spati'al picture of the active 
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region to be composed. The length of the slit is about 30 
arc seconds and H-alpha profiles can be obtained at as many 
positions along the slit as desired. 

Spectra were taken at 15 second intervals encompassing 
the flash phase of hundreds of flares. The profiles obtained 
show o wide variation from absorption to emission, some 
showing self-reversals others not. The red to violet 
emission peak intensity changes rapidly with time and posit- 
ion as does the asymmetry of the line. Some regions show 
broad emission features v;ith no self reversal. 

As discussed in section II we have chosen a region of 
high intensity in the flare event of 5 September 1973 for 
analysis. It was determined that this event would probably 
have the greatest interest in .terms of Skylab and other 
observations. The 5 September 1973 flare was a large 
complex flare with several emission regions and an associated 
large erupting filament. A surge later developed near the 
filament which was observed to slow and change back to in- 
flowing matter. We have chosen one location at the flare 
center and obtained smoothed line profiles as shown in section 
II. A sequence of 26 profiles observed at 15 second intervals 
was chosen. 

In section III we describe the theoretical calculation 
of line profiles for a flare layer and illustrate the effect 
of different source function and velocity parameters on the 
line profiles. We also show in section III the wavelength 
shift of the bisector of an H-alpha absorption line for 
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various velocity fields. The comparison of these shifts 
with those observed is one of the methods used to infer the 
velocities in section IV. 

Section IV describes the comparison of observed and 
calculated H-alpha profiles and the inferrence of the atmos- 
pheric velocities- Each observed profile is carefully 
matched to the best source function and velocity as a 
function of optical depth. We find that neither the observed 
profile shifts nor self reversed peak intensities are as 
great as those predicted by most theories (Hyder, 1968; 
Nakagawa, 1970; Nakagawa, 1973; Canfield, 1974; Kostyuk, 
1976). Thus, the flare region studied here does not ex- 
hibit the large velocities nor the large variation in 
source function predicted. 

A paper describing this work will be submitted to 
Solar Physics. 

We would like to acknowledge many helpful discussions 
with Sara Smith and Steve Schoolman. 
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II. DATA REDUCTION 


In the time interval between April 1972 and April 1974 
over 300 flares were observed in H-alpha with the multislit 
spectrograph at the Lockheed Rye Canyon Solar Observatory. 

We have compared the flares observed at Lockheed with those 
observed by various Skylab experimenters, particularily 
NRL. 

A flare of particular interest with a great deal of 
overlapping coverage is that of 5 September 1973. The NRL 
S082A spectrograph took 8 frames of this event. The multi- 
slit spectrograph obtained spectra at over 60 locations 
within the flare at 15 second intervals before and after 
the flash phase. A photograph of the flare in H-alpha is 
shown in Figure II. 1. Slits were positioned almost 
directly across the centers of two of the brightest flare 
emission kernels. The line profiles in the brightest 
flare segment show little self reversal while those in the 
second brightest segment (designated B) retain a degree of 
self absorption. The H-alpha time history of segment B is 
illustrated in Figure II. 2 by a series of raicrodensitometer 
tracings at one second spacings within the flare. Each 
series of tracings represent a different time in the develop- 
ment of the flare. One series is shown expanded in Fig. 

II. 3. 

Individual line profiles have been obtained at various 
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I828MS U.T. 1829:30 1830:00 


Figure II. 1 Start of flare with the eruption of a filament already underway. 

In the top row, the dark parallel lines are an array of H<x spectra formed by 
the slits shown on the Hot photographs in the second row. The third and fourth 
rows are H« filtergrams at Hot -1.2A and Hot +1.2A. The violet wings are on the 
left. 
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Figure II. 2 Topopaphic display of the second brightest flare element as shown in the violet \o.ng 
of Figure II»lThe segment of the flare shows a proftounced degree of self-absorption 
throughout its lifetime. 



locations within the flare as a function of time. Profiles 


are illustrated in Figure II. 4 for a typical flare position 
in segment B. The dotted curves represent the quiet sun 
H-alpha profile. 

Expanded smoothed H-alpha profiles were obtained for 

another typical position within flare segment B. These 

profiles are shown in Figures 11 . 5 - 32 . The first profile 

was taken considerably before the flare and represents the 

1 

quiet sun profile. The other profiles are taken at 15 second 
intervals. The intensity scale was determined by comparison 
of the quiet sun profile with that observed by White (196.2, 
1964) showing a central intensity of .154 x continuum. 

Qualitatively we see that red and violet emission peaks 
develop after about one minute and remain throughout the 
sequence. The red peak intensity is always greater than the 
violet except for four times near the end of the sequence. 

The red wing always has a greater intensity than the violet 
v/ing . 

The following parameters for each profile are listed 
in Table II. 1; central intensity, center wavelength shift, 
red and violet peak intensities and wavelength positions and 
red and violet wing intensities (at - 3 2 ). The subscripts 
c, V and R refer to center, violet and red respectively. 

I,, is the violet peak intensity, I„ the red peak intensity. 

iWy and IWj^ are the violet and red wing intensities. All 
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REPRODUC£BILlTy OF THE 
Sable II. 1 OPraiNAL PAGE IS POOR 

CHARACTERISTICS OF H-a PROFILES 


Frame 

^0 








0 

.134 






.818 

.832 

1 

.476 

-.087 A 





.867 

.867 

2 

-542 

-.116 





.846 

.867 

5 

.570 

-.087 



.951 

.896 

.853 

.923 

4 

.559 

+.029 

.909 

-.954 

.944 

1.012 

.823 

.867 

9 

.710 

-.087 

.937 

-.809 

1.017 

.896 

.823 

.916 

6 

.678 

-.145 

.867 

-.780 

.979 

.867 

.762 

.832 

7 

.797 

-.087 

.916 

-.578 

.963 

1.612 

.8o4 

.893 

8 

.839 

-.087 

.983 

-.722 

1.077 

.809 

.853 

.874 

9 

.552 

-.116 

.804 

-.722 

.909 

.809 

.706 

.776 

10 

• .909 

-.202 

1.055 

“.925 

1,168 

.751 

.867 

.909 

11 

.832 

-.145 

.902 

-.636 

1.077 

.694 

.769 

.874 

12 

.490 

-.087 

.783 

-.896 

.881 

.780 

.706 

-769 

15 

.668 

-.145 

.755 

-.722 

.948 

.636 

,T 4 i 

.776 

l 4 

.695 

+.058 

.855 

-.694 

.944 

.751 

.727 

• 8o4 

15 

.643 

-.029- 

.885 

-.809 

.916 

.809 

.735 

.853 

16 

.671 

-.058 

.790 

-.607 

.825 

.694 

.790 

.825 

17 

.538 

-.116 • 

.785 

-.838 

.818 

.780 

.727 

.769 ■ 

18 

.441 

-.087 

.748 

-1.098 

.7(59 

.809 

.699 

.755 

19 

.615 

-.087 

.797 

-.694 

.823 

.578 

.797 

.825 

20 

.727 

0 

.860 

-.694 

. .881 

.780 

.783 

.839 

21 

.664 

>.058 

.867 

-.722 

.874 

.549 

.776 

.874 

22 

.657 

-.116 

.832 

-.694 

.846 

.520 

.776 

.846 

23 

.629 

+.058 

.860 

. -.780 

.818 

.694 

.823 

.874 

2 k 

.685 

+.029' 

.871 

-.809 

.839 

.838 

.8o4 

.860 

25 

.615 

-.029 

.852 

-.934 

.832 

.751 

.825 

.867 

26 ■ 

.535 

0 

.797 

-1.098 

.755 

.722 

.8o4 

.839 

27 

.517 

0 

.818 

-,867 

.776 

.780 

.790 

.874 

AX in A 

I in continuum units 
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Table II . 2 

CHAEACTEEISTICS OF H-ALPHA PROFILES 


Frame # 


a 

H 

> 

V 

c 



0 






1 



-.25 



2 



-.33 



5 



-.25 


2.56 

4 

1.039 

1.626 

.083 

- 2.73 

2.89 

5 

1.095 

1.320 

-.25 

-2.31 

2.56 

6 

1.129 

1.279 

-. 4 i 

-2.23 

2 . 1 i 8 

7 

1.053 

1-149 

-.25 

-1.65 

2.89 

8 

1.096 

1.172 

-.25 

-2.06 

2.51 

9 

1.131 

1.457 

-.33 

-2.06 

2.31 

10 

1.129 

1.139 

-.58 

- 2.64 

2.15 

11 

1.19^ 

1.084 

-.41 

-1.82 

1.98 

12 

1.125 

1.598 

-.25 

-2.56 

2.23 

13 

l.liK) 

1 . 24 i 

-.50 

-2.06 

1.82 

Ik 

1.107 

1.227 

.17 

-1.98 

2.15 

15 

1.035 

1.376 

CO 

0 

• 

1 

-2.31 

2.89 

16 

1.044 

1.177 

-.17 

- 1.73 

1.98 

17 

1 .o 45 

1.455 

-.33 

-2.39 

2.23 

18 

1.028 

1.696 

-.25 

- 3.14 

2.89 

19 

1.035 

1.296 

-.25 

-1.98 

1.65 

20 

1.024 

1.185 

0 

-1.98 

2.23 

21 

1.008 

1.306 

-.17 

-2.06 

1.57 

22 

1.016 

1.266 

-.53 

-1.98 

1.49 

23 

.951 

1.367 

.17 

-2.23 

1.98 

. 2 k 

.963 

1.272 

-083 

-2.31 

2.59 

25 

1.000 

1.353 

-.083 

-2.73 

2.15 

26 

.947 

1.490 

0 

- 3.14 

2.06 

27 

.949 

1.582 

0 

-2.^i8 

2.23 


10 




Figure II. 4 H-alpha Profiles for Various Times 
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intensities are given in units of the nearby continuum. 
is the displacement i'n X from the static line center. 

Table II. 2 lists the red to violet peak intensity 
ratio, the violet peak to center intensity ratio and the 
center, violet and red peak positions in Doppler width 
units assuming a Doppler -width of 0.35 8. 

The line center and red and violet peak intensities 
are shovjn in Fig. 11.3 3. Fig. 11.34 shows the center and 
red and violet peak positions with respect to the static 
line center. A center shift to the red is indicated by 
a dashed line. 

Details of the observations including the 5 Sept. 
1973 flare are given by Martin, 1974. 




IIo33« Center(C) . Red(R)Peak and Violet^V^ Peak H~alpha Tntensltlei 













III. THEORETICAL CALCULATIONS 


A. Source function and. Line Profile Equations 

Source fujnctions and line profiles for H-ct have been generated by Canfield 
and Athay (197^) based on the kinematic flare shock model of Nakaga^ra,, et al . 
(1973)* The source function shows a maximum at line center optical depth ~ 20 
and does not vary a great deal with the Mach number of the downward propagating 
shock ^ra.ve. The source function for a shock of Jfech 10 is shown in Figure III.A.l 
by the dashed curve assiuning a Planck function at 10 K. 

To produce the self reversed profiles observed in most flare spectra 
the source function must have a maximum value at some optical depth. A manageable 
form which provides a maximum value and forms an asymmetry of the type exhibited 
by that shown in Figure III.A.l is as follows; ■ 


S 

B 


A + L e 


-kt 


+ L e 


-k(t^-t) 


+ F e 


-k(t^-t) 


where L, h, k, t^^, F and B are constants. 


III.l 


This equation- is the same as that for a finite layer of line center optical 

thickness t^ in the one-point quadrature approximation to the frequency integration. 

t is the line center optical depth. The term F - - - represents irradiation of 

the finite layer from below. When F = 0 a symmetrical source function results. 

A represents a combination of source and sink terms for the line. Figure III.A.l 

-2 

illustrates the source function given in Equation III.l for k ts 10 ^ F = 0, 

A a 1, L « -.9, t^ »= 500^ 1200; and L « -.5, t^ 6o. 

When the H-CK line is basically a non-self reversed absorption line we 
shall consider the source function to have the form: 


I = 1 - a e~^^ III.2 

where a, k and B are constants. Following White (1961) for the quiet sun^ 

a = .908, k = .07. 

The line intensity at the s^lrface of the layer at angle 0 = cos ^ p. is 
given by: 



LOOAHi rHM rc 46 7403 


Figure III.Aol 

Source Functions vs» Line Center Optical Depth 
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III. 3 


I^ (Oj|J.) 


WJ- = J'3 


“T /ti B (T ) -T ^/\l 

d T /(I + — r-^v e 
B (Tg) 


where B(T ) is the photospheric radiation (at T ) incident upon the lower side 
of the layer and B is the Planck function within the layer (at T^). v = Av/Av 
where Av^ is the Doppler half mdth. 


D 


S 

V 


+ r S 
L VC 

1 + r 


and d T = (cp + r ) dt 
V o' 


Where , Kj^ and are the continuum, line and 

lino center absorption coefficients, respectively, cp^ is the line absorption 
coefficient. and are the line and continuum source functions. For a 
Doppler absorption coefficient 


= Exp - [v + |iV(t)]^ III. 4 

where v(t) is the gross velocity in Doppler half 'vm.dth units. The emergent 
line intensity can then be written 


ly (0;U) 


J O. 

(tp + r 
n L O 



(cp +r )dt/u 
^ ° dt/p 


® ^^r^ “J’o^ (cp^+r^)dt/p 

^ B (T,) ® 


III.5 


^3 



B, Absorption Profiles 


Lino profiles have been calculated for various values of V and t^. 

The method we shall use of inferring the velocity for non-self reversed 
absolution profiles is that of measuring the bisector shift of the line. We 
have sho™ this to be a qualitatively valid method (Kulander and Jefferies, 

1966) . We illustrate in the next three figures some bisector shifts derived 
from synthetic profile calculations. Figure UI.Bol shows bisector shifts 
6v vSo mean line position Av for layers with constant velocity v/Vj^ = .072 
and thicknesses t^ — 1, 5^ 25 and 50. is the Doppler half width velocity). 

The quantity 6v is the distance of the observed line center from the static line 
center. When t^ is small the wing is hardly affected while for large t^ the line 
as a -vjholG is shifted by 6v = .072. 

Figure III.B.2 shows bisector shifts for V - -,072/t^ with = “ and 
n = 0, .1, .2, .5, 1, and 2. Figure III.B.5 shows bisector shifts for the 
velocity V = ,072 (a - pt^) for various values of a, p, n and t^. 


h6 



Figure IIIcB.! 


Bisector Shift Q v vs» Mean Line Position A v» 
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Figure 

Bisector Shift ^ v vs. Mean Line Position v. 









c. 


Self Beversed Profiles 


ITheoretical H-o: profiles have been generated using the source function 
of Equation III.l and the following assumed velocity in a finite layer of 
optical thickness t^: 

V = Vy(l + t) 

where and are constants. When B^^ is positive the velocity decreases 

with increasing t. We mil discuss in this section the effect of various values 
of the source function and velocity parameters on the line profiles. 

Pigxires III.G.l and III.C.2 illustrate static profiles for various layer 
thicknesses t^. In Figure IIl.C.l, L = -.9 and in Figure III.C.2, L = -.5- 
The emission peaks move outward and become more intense as t^ increases. Also 
the ratio of peak to center intensity increases as t^ increases. Since the 
surface value of the source function does not change significantly as 
increases beyond a certain point the central intensities do not change. For all 
the profiles shown here we have assumed no photospheric radiation incident from 
below the flare layer. 

Figure III.C. 5 shows profiles for a layer with optical thickness 600, 

®i = .1 and Bg = 2. (The assumed velocity Is toward the observer). 

The upper curve represents L = -.5/ the lower curve L = --.9. Bie corresponding 
static profiles in each case are shown by the dotted curves. The assumed 
velocity depresses the violet peak and enhances the red peak by increasing the 
overlying absorption on the violet side and decreasing it on the red side. 

Figures III.G.4 and III.C.5 show results for Bg = 1 and Bg = 2 respec- 

tively for the case t = 500, k = 10*'^, L = -.9. For B_ = 1, V = .5 while 

^ o 

for Bg = 2, = 1. The curves are labeled with the corresponding values of 

The static profile is labeled B^ = The dotted curves represent a constant 
velocity in the layer equal to V^. In this case the static profile is 
sinply translated by the amount V^. For velocity gradients 1, ,1 and .01 to 0 


50 




Fig* Static Synthetic H-alpha Profiles 
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Figo IIIeC.3« Synthetic H~alpha Profiles o Corresponding Static 










If~alpha Profiles. Static Profile Labeled b- 





Fig. III.C.5. Synthetic H-alpha Profiles. Static Profile Labeled b;^ 




a smooth transition in profiles between the two limiting cases is made with 
one peak intensity rising to a maximum and falling back to its static value 
v/hen = 0 and the other peak decreasing and then rising back to its static 
value. For some value of there is a maximum ratio of red to violet peak 
intensities. When = 1 only the layers very near the surface have any 
significant velocity and thus there is little change with respect to the static 
profile. 

Figure -III.C.6 illustrates profiles for a smaller value of t^ - namely 
t^ = 6o and L = -.5. Again the curves are labeled with values of B^. Due to 
the small variation in source function in the layer there is little change in 
peak intensities as the velocity field changes. The emission peaks are also 
very small. 
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Figo III.C.60 Synthetic H-alpha Profiles 








IV. COMPAEaSON OP OBSERVED AMD IHEOREa?ICAL PROFILES 


A. Qiaalitative Discussion 

It is clear from the sequence of profiles that no large velocities are 
present. The central shifts as well as red to violet peaJc asymmetries are 
not large. Except for the last few frames the red peak is enhanced over the 
violet peak. This indicates an outward motion within the flare region and is 
in direct contradiction to the infall mechanisms of Eakagawa and Ryder 
(1971?) and others. During the last one minute the velocity has definitely 
changed sign and indicates a downward motion within the flare. The surface 
velocity as indicated by the shift of the line center does change sign every 
150 seconds showing a slight red shift every I50 seconds. 

The central and peak intensities show a fairly shaip rise to a maximum 
at frame 10 followed by a slovr decay. The profiles are not self reversed in 
the red and violet until frame h. The central intensity reaches a maximum of 
.91 times the nearby continium while the red and violet peaks reach a maximum 
1.17 and 1.04 times the intensity of the nearby continium. 

The red to violet peak intensities are usually less thaxTl.l reaching a 
maximum value of I.19. As we shall see shortly^ the largest ratios do not 
necessarily mean the largest magnitude of the velocity. The ratio of peak to 
central intensity is generally less than 1,4 reaching a maximum value of I.70. 
This is one of the most striking conflicts >uth the various flare theory, 
profiles which show much larger peak intensities (Canfield^ 1974), (Canfield 
and Athay, 1974). 

When the violet peak intensity is reduced the center should also be 
shifted to the violet which we observe generally to be the case. The center 
shift reflects the surface velocity while the peak shifts reflect the velocity 
of deeper layers. Thus if the center is shifted more than the peaks, which 
occurs frequently, the inplication is a fairly large velocity gradient. 
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B. Theoretical Profiles 

To facilitate determination of the velocities and source 
functions several hundred H-alpha profiles were generated from 
Eq- III. 5 with r^ = 0, /A,- 1 and the incident intensity from 
below B(T ) = 0. V'Je let B(T ) = 0 because it is relatively 
simple to add this contribution later for different values of 

without having to perform the more time consuming integrations 
over again. Sample results of the profile calculations are given 
in Tables IV.B.L - 7. Tables IV.B.l - 5 show the center, violet 
peak and red peak positions V^, in Doppler half width 

units. Also shown are the violet and red peak intensities in 
units of the nearby continuum and the ratios Ip^/Iy and 

Each table corresponds to a particular value of t^ with 
- 1 . The parameter values chosen are = 1, 2; = .1, .01, 

.001; k = .01, .05, .1, .2; L = -.9, -.7, -.5. Except for the 
case Bj^ = .1 the center shift of the line is essentially equal 
to the surface velocity. The position of the peaks is relative- 
ly insensitive to L however the ratios ^nd X^/1^ show a 

steady decrease as L increases. When B 2 = 2 the velocity 
decreases more rapidly with depth and the peak shifts are less 
than for 62 = 1 . The variation in peak intensity ratios with k 
is more complex depending also upon the value of t^^- 

Table IV. B . 6 gives line parameters for the static profiles 
with A = 1, V =0. The absolute values of V., and I,, are of 
course the same as and Ij,. We note that the center and peak 

intensities increase as k or L increases. This Table also 
illustrates the effect of a non-zero F with F = .5. The F 
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term contribution raises the value of S near the bottom of the 
layer and hence increases I and For larger layer thick- 

nesses the effect of increasing S near the lower boundary is very 
small . 

Table IV. B. 7 illustrates results for =1 , F = 0, and 

V = .5 in contrast to the results of Tables IV. B. 1-5 for 
o 

= 1 - As would be expected considerably smaller values of 
are indicated. Also shown are results for L = -.3. 


60 



Table IV.B.l 


Characteristics of Synthetic H-alpha Profiles 


V = 
o 


1 , 


t ^ = 30 , 


k=.05 
B =.l 

V 

c 

I 

c 


L = -,7 

-.95 

.16 

-2.00 

-.5 

B2=2 

-.90 

.38 

-1.90 

L =, -.7 

-.85 

.16 

-1.80 

-.5 

-.85 

.38 

-1.69 




L = -.7 

- 1.00 

.16 

- 2.36 

-.5 

- 1.00 

.38 

- 2.28 

B2 = 2 

L = -.7 

- 1.00 

.16 

- 2.28 

-.5 

- 1.00 

.38 

- 2.19 

Bj ^=.001 

B 2 = 1 
L = -.7 

- 1.00 

.16 

- 2.46 

-.5 

- 1.00 

.38 

- 2.38 

B2 = 2 

L = -.7 

- 1.00 

.16 

- 2.49 

-.5 

- 1.00 

.38 

- 2.37 


k = .1 



L = 

-.9 

-.90 

.12 

- 2.10 


-.7 

-.92 

.30 

- 2.00 

B 2 

-.5 
= 2 

-.92 

.49 

- 1.95 

L = 

-.9 

-.85 

.13 

- 1.90 

^1 

B2 

II 11 

1 

j — > « t 

0 

-.85 

.49 

- 1.75 

L = 

-.9 

- 1.00 

.12 

- 2.45 


-.7 

- 1.00 

.31 

- 2.39 

® 2 ' 

-.5 

= 2 

- 1.00 

.49 

- 2.33 

L = 

-.9 

- 1.00 

.12 

- 2.35 


-.5 

- 1.00 

.49 

- 2.24 




Ip , 


^ v/^c 

.20 

.97 

.28 

1.40 

1..25 

.42 

.94 

.48 

1.14 

1.11 

.19 

1.19 

.29 

1.53 

1.19 

.41 

1.15 

.48 

1.17 

1.08 

.23 

.59 

.26 

1.13 

1.44 

.44 

.53 

.46 

1.05 

1.16 

.22 

.68 

.27 

1.23 

1.38 

.44 

.63 

.47 

1.07 

1.16 

.24 

.48 

.25 

1.04 

1.50 

.45 

.42 

.45 

1.00 

1.18 

.24 

.50 

. 25 - 

1.04 

1.50 

.45 

,43 

.45 

1 .00 

1.18 


.25 

1.00 

.46 

1.84 

2.08 

.40 

.98 

.57 

1.43 

1.33 

.56 

.95 

.69 

1.23 

1.14 

.23 

1.23 

.47 

2.04 

1.77 

.54 

1.15 

.69 

1.28 

1.10 


.33 

.64 

.39 

1.18 

2.75 

.47 

.60 

.52 

1.11 

1.52 

.61 

.55 

.65 

1.07 

1.24 

.31 

.73 

.42 

1.35 

2.58 

.59 

.65 

.66 

1.12 

1.20 
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30 


V 


o 


1 , 


k=..l 

V 

I 


B =.001 

c 

c 

V 

L = -.9 

-1.00 

.12 

-2.52 

-.7 

-1.00 

.31 

-2.46 

-.5 

-1.00 

.49 

-2.42 

82 = 2 

L = -.9 - 

■1.00 

.12 

-2.51 

-.7 

-1.00 

.49 

-2.41 

k = ,2 

Bl = 

B2 = 1 

L = -.9 

-.90 

.23 

-2.08 

-.7 

-.92 

.39 

-2.04 

-.5 

-.95 

.55 

-1.97 

B2 = 2 

L = -.9 

-.85 

.24 

-1.87 

-.7 

-.85 

.39 

-1.84 

-.5 

-.84 

.55 

-1.78 

= .01 
82 = 1 

L = -.9 

-1-00 

.23 

-2-42 

-.7 

-1.00 

.39 

-2.38 

-.5 

-1.00 

.55 

-2.35 

B2 = 2 

L = -.9 

-1.00 

.23 

-2.34 

-.7 

-1.00 

.39 

-2.30 

-.5 

-1.00 

.55 

-2.26 

B^ = .001 

B2 = 1 

L = -.9 

-1.00 

.23 

-2.52 

-.7 

-1.00 

.39 

-2.48 

-.5 

-1.00 

.55 

-2.45 

B2 = 2 

L = -.9 

-1.00 

-23 

-2.50 

-.7 

-1.00 

.39 

-2.47 

-.5 

-1.00 

.55 

-2.44 


"v 



I /I 
R'^ V 


.36 

.55 

.37 

1.03 

3.00 

.49 

.50 

.50 

1.02 

1.58 

.63 

.45 

-63 

1.00 

1.29 

.36 

.55 

.37 

1.03 

3.00 

.62 

.46 

.63 

1.02 

1.27 


.44 

1.00 

.74 

1.68 

1.91 

.55 

.97 

.79 

1.44 

1.41 

.66 

.95 

.84 

1.27 

1.20 

.39 

1.20 

.76 

1.95 

1-63 

.51 

1.18 

.81 

1.59 

1.31 

.63 

1.16 

.85 

1.35 

1.15 


.56 

.62 

.65 

1.16 

2.43 

.64 

.60 

.72 

-1-T13 

1.64 

.73 

.56 

.79 

1.08 

1.33 

.52 

.71 

.68 

1.31 

2.26 

.62 

.69 

.75 

1.21 

1.59 

.71 

.66 

.81 

1.14 

1.29 


.60 

.53 

.61 

1.02 

2.61 

.68 

.50 

.69 

1.01 

1.74 

,76 

.46 

.76 

1.00 

1.38 

.59 

.54 

.61 

1.03 

2.56 

.67 

:si 

.69 

1.03 

1.72 

.75 

.48 

.77 

1.03 

1.36 
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Table IV . B . 2 


Characteristics of Synthetic H-alpha Profiles 


k = .01 

V 

I 

V = 
o 

v„ 

1, 

I,, 

= 60 



I,, /I 

= .1 

c 

c 

V 

V 

R 

R 

R V 

V 

Bp = 1 

L -.5 

-.90 

.20 

- 1.98 

.22 

1.25 

.25 

1.14 

1.10 


L = -.5 

-.80 

.20 

- 1.79 

.22 

1 . 4-5 

.25 

1-14 

1.10 

B ^ = .01 
^2 = 1 

L = -.5 

- 1.00 

.20 

- 2.38 

.23 

.80 

.24 

1.04 

1.15 

Bp = 2 

L = -.5 

- 1.00 

.20 

- 2.26 

.23 

.95 

.25 

1.09 

1.15 


•» -.001 


L = 
^2 

-.5 
= 2 

- 1.00 ■ 

.20 

- 2.55 

.24 

.60 

-24 

1.00 

1.20 

L = 
k = 

^1 

Bp 

-.5 

.05 

= .1 
= 1 

- 1.00 

.20 

- 2.54 

.24 

.64 

.24 

1.00 

1.20 

L = 

-.9 

-.90 

.086 

- 2.20 

.22 

1.36 

.47 

2.14 

2.56 


-.7 

-.90 

• .27 

- 2.12 

.38 

1.34 

.58 

1.53 

1.41 

^2 

-.5 
= 2 

-.90 

.45 

- 2.05 

.54 

1.32 

.70 

1.30 

1.20 

L = 

-.9 

-.84 

.086 

- 2.01 

.20 

1.55 

.46 

2.30 

2.33 


-. 7 ' 

-.81 

.27 

- 1.94 

.36 

1.52 

.58 

1.61 

1.33 


-.5 

-.80 

.45 

- 1.86 

.53 

1.49 

.69 

1.30 

1.18 


®1 = *01 


L = 

-.9 

- 1.00 

.086 

- 2.58 

.31 

.92 

.42 

1.35 

3.60 


-.7 

- 1.00 

.27 

- 2.52 

.44 

.89 

.54 

1.23 

1.63 

^2 

-.5 

= 2 

- 1.00 

.45 

- 2.46 

.59 

.85 

.66 

1.12 

1.31 

L = 

-.9 

- 1.00 

.086 

- 2.49 

.27 

1.05 

.45 

1,67 

3.14 


-.7 

- 1.00 

.27 

- 2.40 

-41 

1 .04 

-57 

1.39 

1.52 

^1 

^2 

-.5 
= .001 

= 1 

- 1.00 

-45 

- 2.35 

.56 

1 .03 

.69 

1.23 

1.24 

L = 

-.9 

- 1.00 

.086 

- 2.72 

-36 

.77 

.37 

1.03 

4.18 


-.7 

- 1.00 

.27 

- 2.68 

.49 

.74 

.50 

1.02 

1.81 


-.5 

- 1-00 

.45 

- 2.64 

.62 

.69 

.63 

1.02 

1.38 
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= 1 , = 60 


ic = .05 



= .001 
= 2 

V 

c 

I 

c 






VI 

L = 

-.9 

- 1.00 

.085 

- 2.70 

.35 

.79 

.38 

1.09 

4.12 


-.7 

- 1.00 

.27 

- 2.65 

.48 

.75 

.50 

1.04 

1.78 


-.5 

- 1.00 

.45 

- 2.60 

.62 

. 71 

.64 

1.03 

1-38 


k = 

.1 









^1 

= .1 









-a 

= 1 









L = 

-.9 

-.90 

.16 

- 2.17 

.38 

1.35 

.75 

1.97 

2.38 


-. 7 

-.90 

.32 

- 2.14 

.50 

1.34 

.80 

1.60 

1.56 


-.5 

-.90 

.49 

- 2.08 

.63 

1.30 

,86 

1.37 

1.29 

^2 

= 2 








L = 

-.9 

-.85 

.16 

- 2.00 

.35 

1.54 

.74 

2.11 

2.19 


-.7 

-.83 

.33 

- 1.95 

.47 

1.52 

.80 

1.70 

1.42 


-.5 

-.81 

.49 

- 1.90 

.61 

1.49 

.85 

1.39 

1.24 

^1 

= .01 










= 1 









2 










L = 

-.9 

- 1 .00 

;16 

- 2.58 

.52 

.92 

.69 

1.33 

3.25 


-.7 

- 1.00 

■ .32 

- 2.54 

.61 

.88 

.75 

1.23 

1.91 


-.5 

- 1.00 

.49 

- 2.48 

.71 

.86 

.81 

1.14 

1.45 

^2 

= 2 








L = 

-.9 

-.98 

-16 

- 2.45 

.46 

1,05 

.73 

1.59 

2.88 


-.7 

-.98 

.32 

- 2.43 

.56 

1.04 

.79 

1.41 

1.75 


-.5 

-.98 

.49 

- 2.36 

.67 

1.03 

.84 

1.25 

1.37 

b'i 

= .001 








Ba 

= 1 









L = 

-.9 

- 1 .00 

. 1-6 

- 2.71 

.59 

.76 

.61 

1.03 

3.69 


-.7 

- 1 .00 

.32 

- 2.68 

.67 

.74 

.69 

1.03 

2.09 


-.5 

- 1.00 

.49 

- 2.65 

.75 

.69 

.77 

1.03 

1.53 

^2 

= 2 









L = 

-.9 

- 1.00 

.16 

- 2.68 

-58 

.78 

.63 

1.09 

3.63 


-.7 

- 1.00 

.32 

- 2.66 

.66 

.75 

.70 

1.06 

2.06 


-.5 

- 1.00 

.49 

- 2.63 

. 75 

.73 

.77 

1.03 

1.53 
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Table IV. B. 3 

Characteristics of Synthetic H-alpha Profiles 

V =1, t, = 300 
o ’1 


k = .01 


'^1 = 

=c 1 

V 

c 



L = -.9 

-.80 

.045 

-2.40 

-.7 

-.75 

.20 

-2.35 

-.5 

-.70 

.35 

-2.30 

B2 = 2 

L = -.9 

-.65 

.045 

-2.27 

-.5 

-.47 

.34 

-2.17 

= .01 
B2 = 1 



• 

L = -.9 

-1-00 

.045 

-2.78 

-.7 

-1.00 

.20 

-2.70 

-.5 

-1.00 

.35 

-2.65 

= 2 




L = -.9 

-.95 

.045 

-2.62 

-.5 

-.93 

.35 

-2.46 

= .001 
82 = ^ 




L == -.9 

-1.00 

.045 

-3.08 

-.1 

-1.00 • 

.20 

-3.02 

-.5 

-1.00 

.35 

-2.97 

82 = 2 




L = -.9 

-1.00 

.045 

-3.00 

-.5 

-1.00 

.35 

-2.88 

k == .05 




Bl = 

= 1 . 




L = -.9 

-.85 

.098 

-2-38 

-.7 

-.75 

.24 

-2.35 

-.5 

-.75 

.38 

-2.30 

B = -.9 

-.72 

,098 

-2.28 

-.7 

-.60 

• .24 

-2.23 

-.5 

-.55 

.37 

-2.19 




"r 


ly/I 

.19 

2.00 

-45 

2.30 

4-31 

.35 

1.97 

.56 

1.60 

1.75 

.51 

1-95 

.68 

1.33 

1.46 

.23 

2.LQ 

.41 

1.78 

5.11 

.54 

2.05 

.66 

1.22 

1.59 


.21 

1.64 

.48 

2.29 

4.67 

.36 

i.62 

.60 

1.67 

1.80 

.53 

1.60 

.71 

1.34 

1.51 

.17 

1.85 

.49 

2.88 

3.78 

.50 

1.82 

. 71 

1-42 

1.43 


-32 

1.25 

.40 

1.25 

7.11 

.46 

1.21 

-53 

1-15 

2.30 

.60 

1.18 

.66 

1.10 

1.71 

.29 

1.35 

.43 

1.48 

6.44 

.58 

1.30 

.68 

1.17 

1.66 


.46 

1.95 

.90 

1.96 

4.69 

.55 

1.95 

.92 

1.67 

2.29 

.66 

1.95 

-94 

1.42 

1.74 

.50 

2-05 

.86 

1.72 

5.10 

.59 

2.04 

.89 

1,51 

2,46 

.69 

2.03 

.92 

1.33 

1.36 
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= 300 


k = .05 


^2 

= .01 

= 1 

V 

c 

I 

c 



Vr 


I /I 

V 

H 

> 

H 

L = 

-.9 

- 1.00 

.098 

- 2.71 

.53 

1.60 

.'93 

1.75 

5.41 


- . 7 

- 1.00 

.24 

- 2.70 

.62 

1.59 

.95 

1.53 

2.58 

^2 

-.5 

= 2 

- 1.00 

.38 

- 2.68 

.71 

1.58 

.96 

1.35 

1.87 

L = 

-.9 

o 

o 

• 

1 — 1 

1 

.098 

- 2.58 

.44 

1.80 

.95 

2.16 

4.48 


-.7 

-.95 

.24 

- 2.55 

.54 

1.80 

.96 

1.78 

2.25 


-.5 

-.90 . 

.38 

- 2.51 

.65 

1.79 

.96 

1.48 

1.71 


= .001 


L = -.9 

- 1.00 • 

.098 

- 3.01 

.72 

1.21 

.84 

1.17 

7.35 

-.7 

- 1.00 

. .24 

- 3.00 

. 78 

1.20 

.87 

1.11 

3.25 

-.5 

- 1.00 

.38 

- 2.99 

.83 

1.19 

.90 

1.08 

2.18 

B2 = 2 









L = -.9 

- 1.00 

.098 

- 2.96 

.67 

1.33 

.88 

1.31 

6.83 

-.7 

- 1.00 

.24 

- 2.94 

.73 

1.31 

.90 

1.23 

3.04 

-.•5 

- 1.00 

.38 

- 2.91 

.80 

1.28 

-93 

1.16 

2.11 
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Table IV. B. 4 


Characteristics of Synthetic H-alpha Profiles 


Ic = 

.01 



. = 1, 

^1 = 

600 




"l 

^2 

= .1 
= 1 

V 

c 

I 

c 




I 

I /I 

I /I 

■^v < 

L 

-.9 

-.90 

,076 

-2.50 

.35 

2.20 

,70 

2.00 

4.60 


-.7 

-.85 

.21 

-2.45 

,47 

2.20 

.76 

1.62 

2.24 


-.5 

= 2 

-.85 

.34 

-2.40 

.60 

2.15 

.82 

1.37 

1.76 

L = 

-.9 

-.90 

.070 

-2.38 

.43 

2.27 

.65 

1.51 

6.14 


-.7 

-.85 

.20 

-2.36 

.53 

2.25 

.71 

1.34 

2.65 

^1 

B 2 

-.5 
= .01 

= 1 

-.85 

.33 

-2.33 

.55 

2.22 

.79 

1.22 

1.97 

L = 

-.9 

-1.00 

,076 

-2.80 

.31 

1.90- 

,78 

2.52 

4.07 


-.7 

-1.00 ■ 

.22 

-2.75 

.43 

1.90 

.83 

1.93 

1.95 

B 2 

-.5 
= 2 

-1.00 

,36 

-2.70 

.57 

1.90 

.87 

1.53 

1.58 

L = 

-.9 

-1.00 

.076 

-2.65 

.26 

2.12 

.77 

2.96 

3.42 


-.7 

-1.00 

.22 

-2.58 

.40 

2.10 

,82 

2.05 

1.82 

'^1 

^2 

-.5 

= .001 
= 1 

-1.00 

.36 

-2.55 

.54 

2,08 

.86 

1.59 

1.50 

L = 

-.9 

-1.00 

.076 

-3.15 

.48 

1.50 

.71 

1.48 

6.31 


-.7 

-1.00 

.22 

-3.12 

.59 

1.47 

.77 

1 . 31 

2-68 

Ic = 
B 2 

-.5 

.05 

= .1 
= 1 

-1.00 

. 36 

-3.10 

.69 

1.45 

.82 

1.19 

1.92 

L = 

-.9 

-.90 

.095 

-2.45 

.54 

2.11 

.95 

1.76 

5.68 


-.7 

-.85 

,23 

-2.42 

.62 

2.11 

.96 

1.55 

2.72 

^2 

-.5 
= 2 

-.85 

.36 

-2.40 

.71 

2.10 

.97 

1.37 

1.97 

L = 

-.9 

-.90 

.093 

-2.37 

.62 

2.18 

.92 

1.48 

6.66 


-.7 

-.85 

.22 

-2.33 

.68 

2.18 

.94 

1.38 

3.09 


-.5 

-.85 

.34 

-2.31 

.76 

2.17 

.95 

1.25 

2.24 





600 


k = ,05 


= .01 

V 

c 

I 

c 





I /I 

V 

H 

> 

H 

1 — 1 
II 

CM 

CQ 









L = -.9 

-.95 

.096 

- 2.78 

.56 

1.86 

.97 

1.73 

5.83 

-.7 

- 1.00 

.24 

- 2.75 

.63 

1,85 

.98 

1.56 

2.63 

-.5 

- 1.00 

.38 

- 2.12 

. 72 

1.85 

.93 

1.36 

1.89 

. 2 









L = -.9 

-.95 

.096 

- 2.61 

.48 

2.05 

.97 

2.02 

5.00 

-.7 

- 1.00 

.24 

- 2.59 

.56 

2.04 

.98 

1.75 

2.35 

-.5 

- 1.00 

.37 

- 2.58 

.66 

2.04 

.98 

1.48 

1.78 

= .001 









( — 1 
It 

CM 

CQ 









L = -.9 

- 1.00 

.096 

- 3.09 

.78 

1.41 

.93 

1.19 

8.12 

-.7 

- 1.00 

.24 

- 3.08 

.80 

1 .41 

.94 

1.18 

3.33 

-.5 

- 1.00 

.38 

- 3.07 

.84 

1.40 

.96 

1.14 

2.24 

B2 = 2 









L = -.9 

- 1.00 

.096 

- 3.00 

.71 

1.57 

.96 

1.35 

7.39 

-.7 

- 1.00 

.24 

- 2.98 

.76 

1.57 

. 97 . 

1.28 

3.17 

-.5 

- 1.00 

-38 

- 2.96 

.81 

1.57 

.97 

1.20 

. 2.13 
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Table IV. B. 5 


Characteristics of Synthetic H-alpha Profiles 


V =1, t, = 1200 
o ’ 1 

k = .01 


^1 = 

.1 


I 

c 




"r 

I /I 
R V 


^2 = 

1 









L = 

-.9 

-1.00 

.073 

-2.58 

.48 

2.37 

.83 

1.73 

6.58 


7 

-1.00 

.19 

-2.53 

.57 

2.35 

.86 

1.51 

3.00 


-.5 

-1.00 

.32 

-2.50 

.67 

2.34 

.89 

1.33 

2.09 

^2 = 

2 









L = 

-.9 

-.95 

.068 

-2.50 

.59 

2.42 

.79 

1.34 

8.68 


-.5 

-1.00 

.29 

-2.45 

.74 

2.38 

.87 

1,18 

2.55 

®1 = 

.01 










1 









•L = 

-.9 

-1.00 

.082 

-2.85 

.35 

2.16 

.91 

2.60 

4.27 


-.7 

-1.00 

.22 

-2.81 

.47 

2,15 

.93 

1,98 

2.14 


-.5 

-1.00 

.36 

-2.78 

.59 

2.15 

.94 

1.59 

1.64 

^2 = 

2 









L = 

-.9 

-1.00 

.030 

-2.70 

.33 

2,32 

.89- 

2.70 

.4.12 


-.5 

-1.00 

.35 

-2.62 

.57 

2.28 

.93 

1.63 

1.63 

^1 = 

.001 









^2 = 

1 









L = 

-.9 

-1.00 

.083 

-3.20 

.56 

1.71 

.89 

1.59 

6.75 


-.7 

-1.00 

.23 

-3.18 

.64 

1.71 

.91 

1 .42 

2.78 


-.5 

-1.00 

.37 

-3.15 

.72 

1.70 

.94 

1.31 

1.95 

^2 = 

2 









L = 

-.9 

-1.00 

.083 

-3.08 

.46 

1.93 

.93 

2.02 

5.54 


-.5 

-1.00 

.37 

-3.02 

.66 

1.90 

.96 

1.45 

1.78 

k =■ 

.02 









^1 = 

.1 










: 1 









L = 

-.9 

-1.00 

.082 

-2.56 

.55 

2.32 

.92 

1.67 

6.70 


-.7 

-1.00 

.20 

-2.52 

.63 

2.32 

.93 

1.48 

3.15 


-.5 

-1.00 

.32 

-2.50 

.72 

2.30 

.95 

1.32 

2.25 

= 

^ 2 









L = 

-.9 

-1.00 

.077 

-2.48 

.66 

2.38 

.88 

1,33 

8.57 


-.7 

-.95 

.19 

-2.47 

.72 

2.36 

.90 

1.25 

3.79 


-.5 

-.92 

.30 

-2.44 

.78 

2.35 

.92 

1.18 

2.60 
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= 1 , = 1200 

o ’1 

k - .02 


^1 

^2 

= .01 
= 1 

V 

c 

I 

c 


"v 



^ r/^v 

ly/I 

L = 

-*.9 

- 1.00 

.090 

- 2.84 

.45 

2.14 

.97 

2.16 

5.00 


-.7 

- 1 .00 

.22 

- 2.80 

.55 

2.12 

.97 

1.76 

2.50 

^2 

-.5 

= 2 

- 1.00 

.45 

- 2.78 

.65 

2., 11 

. ,98 

1.51 

1.44 

L = 

-.9 

- 1.00 

.089 

- 2.70 

.41 

2.28 

.96 

2.34 

4.60 


-.7 

- 1.00 

.23 

- 2.66 

.50 

2.27 

.96 

1.92 

2.17 

®2 

-.5 

= .001 
= 1 

- 1.00 

.36 

- 2.64 

.61 

2.26 

.97 

1-59 . 

1.69 

L = 

-.9 

- 1.00 

.091 

- 3 . 18 . 

.68 

1.71 

.95 

1.40 

7.47 


-.7 

- 1.00 

.23 

- 3.15 

.73 

1.70 

.96 

1.32 

3.17 

^2 

-.5 

= 2 

- 1.00 

.37 

- 3.13 

.79 

1-68 

.97 

1-23 

2.14 

L = 

-.9 

- 1.00 

.091 

- 3.06 

.57 

1.90 

.97 

1.70 

6.26 


-.7 

-1 .00 

.23 

- 3.04 

-65 

1.89 

.97 

1.49 

2.83 

k = 

^1 

®2 

-.5 

.05 
= .1 
= 1 

- 1.00 

.37 

- 3.01 

.73 

1.88 

.98 

1,34 

1.97 

L = 

-.9 

- 1.00 

.11 

- 2.54 

.63 

2.26 

.97 ■ 

1.54 

5.73 


-.7 

- 1 .00 

.29 

- 2.52 

.70 

2.26 

.97 

1.39 

2.41 


-.5 
- 2 

- 1.00 

.46 

- 2.48 

.77 

2.26 

.98 

1.27 

1.67 

L = 

-.9 

-.80 

.10 

- 2.48 

.72 

2.34 

.95 

1.32 

7.20 


-.7 

-.95 

.21 

- 2.45 

.76 

2.32 

.96 

1.26 

3.62 


-.5 

-.95 

.31 

- 2.42 

.82 

2.31 

.97 

1.18 

2.65 


= .01 


L = 

-.9 

- 1.00 

.11 

- 2.80 

.59 

2.06 

.98 

1.66 

5.36 


-.7 

- 1.00 

.29 

- 2.78 

.66 

2.06 

.99 

1.50 

2.28 

®2 

-.5 
= 2 

- 1.00 

.38 

- 2.75 

.73 

2.05 

.99 

1.36 

1.92 

L = 

-.9 

- 1.00 

.11 

- 2.68 

.52 

2.23 

■ .98 

1 .88 

4.73 


-.7 

- 1.00 

.25 

- 2.65 

.60 

2.22 

.98 

1.63 

2.40 

^2 

-.5 

= .001 
= 1 

- 1 . 00 . 

.38 

- 2.62 

.68 

2.22 

.98 

1.44 

1.79 

Lf “ 

-.9 

- 1.00 

.11 

- 3.15 

.80 

1.68 

.97 

1.21 

7.27 


-.7 

- 1.00 

.25 

- 3.12 

.83 

1.66 

.98 

1.18 

3.32 

^2 

-.5 

= 2 

- 1.00 

.39 

- 3.10 

.87 

1.65 

.98 

1.13 

2.23 

L = 

-.9 

- 1.00 

.11 

- 3.02 

. 72 

1.86 

.98 

1.36 

6.55 


-.7 

- 1.00 

.25 

- 3.00 

.77 

1.85 

.99 

1.29 

3.08 


-.5 

-1 .00 

.39 

- 2.98 

.82 

1.85 

.99 

1.21 

2.10 
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Table IV. B. 6 


Characteristics of Static Synthetic H-alpha Profiles 

(V = 0, = 1) 

o 


k 

L 


.05 

-.9 

-.7 

-.5 



k 

L 



k = .01 

L - -.5 

k = .05 
L -.9 
-.5 

Ic = .1 
L = -.9 
-.5 


k 

L 


.01 

-.9 

-.5 


k- = 


L = 


.05 

-.9 

-.5 



F = 

0 


F = .5 


^c 



^c 

^R 

^R 


, ^ 

^ ■ ■ 

.046 

1.62 

.22 

— 

— 

— 

.27 

1.55 

.42 

.38 

1.39 

.45 

.49 

1.48 

.62 

.12 

1.54 

.36 

.15 

1.58 

.44 

.49 

1.44 

.63 

.52 

1.48 

.70 

.23 

1.52 

.60 

.23 

1.54 

.62 




.39 

1.52 

.70 

.55 

1.45 

.76 

.55 

1.48 

,78 



t^ = 60 





F = 

0- 


F = .5 


o 

CM 

• 

1.58 

.24 

.45 

1.65 

.54 

.085 

1.75 

.36 

.11 

1.77 

.44 

.45 

1.66 

.63 

.47 

1.71 

.70 

.16 

1.74 

.60 

.16 

1.76 

.62 

.49 

1.66 

.76 

.49 

1.69 

,78 



t^ = 300 





F = 0 



F = .5 


.045 

2.16 

.36 

.064 

2.18 

.44 

.35 

■2.09 

.63 

.37 

2.12 

.69 

.098 

2.12 

.78 

.098 

2.12 

.79 

.38 

2.07 

.87 

.38 

2.08 

.87 
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600 


F = 0 F = ,5 


k 

— 

.01 

I 

c 



I 

c 

^R 

^R 

L 

— 

-.9 

.077 

2.30 

.60 

.077 

2.31 

.63 



-.5 

.36 

2.27 

. 76 

.36 

2.28 

. 78 

k 

- 

.05 







L 


-.9 

.096 

2.25 

-86 

.096 

2.25 

.86 



-.5 

.38 

2.21 

.91 

.38 

2.21 

.91 







= 1200 



k 

= 

.01 







L 

= 

-.9 

.083 

2.42 

.75 

.083 

2.43 

.75 



-.5 

.37 

2,39 

.85 

.37 

2.40 

.85 

k 

= 

.02 







L 


-.9 

.092 

2.40 

.84 

.092 

2.41 

.85 



-.5 

.37 

2.37 

-90 

.37 

2.38 

.90 

k 

= 

.05 







L 


-.9 

.11 

2.37 

.92 

.11 

2.37 

.92 



-.5 

.39 

2.35 

.94 

.39 

2.35 

.94 
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Table IV. B. 7 


Characteristics 'of Synthetic H-alpha Profiles 

= 1, F = 0, V = .5 
o 

t^ = 60, L = -.7 


k = .05 

^c 

I 

c 


"v 






-.45 

.27 

-1.90 

.43 

1.51 

.55 

1.27 

1,59 

.01 

-.50 

.27 

-2.12 

.47 

1.29 

.52 

1.11 

1.74 

B2 = 2 

Bl = 

-.42 

.27 

-1.81 

.43 

1.60 

.54 

1.25 

1.59 

.01 

-.50 

.27 

-2.05 

.45 

1.36 

.53 

1.18 

1.67 

k = .1 









= .1 

-.45 

.32 

-1.90 

.59 

1.51 

.75 

1.27 

1,84 

B2 = 2 

Bl = .1 

-.45 

.32 

-1.82 

.58 

1.60 

.75 

1.30 

1.81 




t-, = 

300, 

L -.3 




k = .01 



X 






B2 = 1 









B, = .1 
.001 

-.35 

.50 

-2.13 

-73 

1.97 

.79 

1.08 

1.46 

-.50 

.50 

-2.47 

.76 

1.60 

.78 

1.03 

1.52 

82 = 2 

B. = .1 

-.40 

.50 

-2.06 

.74 

2.04 

.78 

1.05 

1.48 

^ .001 

-.50 

.50 

-2.45 

.75 

1.66 

.78 

1.04 

1,50 

k = .005 









82 = 1 

B. = .1 

-.35' 

.46 

-2.10 

.64 

1.95 

.67 

1.05 

1.39 

^ .001 

-.50 

.46 

-2.46 

.66 

1.55 

.67 

1.02 

1.43 

82 = 2 



- 






B, = .1 

-.20 

.46 

-2.05 

.65 

1.97 

.67 

1.02 

1.41 

^ .001 

-.50 

.46 

-2.41 

.65 

1.64 

.67 

1.02 

1.41 

k = .01 





• 




sf = .1 









L^= -.9 

-.40 

.045 

-2.27 

.29 

2.07 

.41 

1.41 

6.44 

-.7 

-.35 

.20 

-2.22 

.43 

2.05’ 

.53 

1.23- 

2.15 

-.5 

-.35 

.35 

-2.17 

.58 

2.02 

.66 

1.14 

1.66 

-.3 

-.35 

.50 

-2.13 

.73 

1.97 

.79 

1.08 

1.46 
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C. Velocity and Source Function Determination 


Each of the observed profiles has been individually 
fitted to a synthetic profile with the most similar char- 
acteristics, For the first few frames the bisector shifts 
were compared with calculated bisector shifts to obtain 
the velocity field. The following discussion deals with 
the self reversed profiles. We find that the smaller velo- 
city gradients are unacceptable as they produce too large 
a shift of the peaks and too little peak asymmetry. Too 
large a velocity gradient produces too little peak 

shift and asymmetry. As can be seen from Tables IV. B. 1-5 
the larger negative L values produce peak to center in- 
tensities larger than those observed. 

The distance of the self reversed peaks from the line 
center is essentially determined by the value-of \ ^ and 
t^. We have established the values of L, k, V^, t^, 
and as those that best represent 1^, V^, V^ 

and Vp^. - In most cases we have not had sufficient time to 
compare profiles in enough detail to distinguish between 
B 2 values. The small observed peak to center intensities 
generally, restrict L to about -.3 while the center and 
peak shifts reflect V^ values in the range -3 to .7 V^^ 

(Vpj is the Doppler velocity) until the velocity changes 
direction in frame 23. The r-ed to violet peak intensity 
ratio essentially establishes B^ which is found to 
usually be between .1 and .01. 


7 ^ 



Fig. IV.C.l shows the observed profile of frame 13 
(dashed curve) along with several synthetic profiles. ^ \ 
has been set equal to .35 S for all of the profiles. The 
profiles labeled 2 and 3 are for t^ = 60, L = --5, = .1, B^^l 

and = 1 with k; = .05 and .01 resp- The profile labeled 
1 represents the parameters = 300, L = --3, = .1, 

= 1, V = .5 and k = .01. The value of B(T„) for each 
profile has been adjusted so that the center Intensities 
are all equal. The t^^ = 300 profiles show peak to center 
intensities which are too large. The effect of changing 
k is very evident from the difference between curves 2 
and 3. Comparison with profiles for other parameters 
finally results in a best fit for t^ = 120. 

The source function and velocity parameters which 

best describe the observed profiles are given in Table IV. C. 

i. The optical thickness of the flare region remains 

essentially between 60 and 300. The variation of the 

source function with depth is not large as indicated by the 

small peak to center intensities observed. A number of 

the source functions represented in Table IV. C. 1 are shown 

in Fig. IV. C.. 2. Also shown is the H-alpha source function 

calculated by Canfield and Athay (1974) for a Mach 5 shock 

model of Uie flare, (assuming a Planck function temperature 
of 10000 ° K) . 

The surface velocities are outward and of the order 
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Table IV. C. 1 


CALCULATED LIME PK05XLB PAEAMETERS 
A = 1, F = 0 


Frame 

^1 


L 

V 

o 

®1 

^2 


1 




.2 

.05 

1 


2 




.2 

.05 

1 


5 




.2 

.1 

1 


k 

300 

.01 

-.35 

.2 

.5 

1 

28000 

5 

300 

.01 

-.3 

.7 

.1 

1 

22000 

6 

60 

.03 

-.5 

.5 

.05 

1 

32000 

7 

60 

.01 

-.5 

.5 

.1 

1 

31000 

8 

6o 

. .05 

-.3 

.5 

.1 

1 

28000 

9 

300 

.01 

-.3 

.5 

.1 

1 

17000 

10 

1200 

.02 . 

-.1 

.6 

.01 

1 

16000 

11 

6o 

.05 

-.3 

.5 

.1 

1 

22000 

12 

300 

.01 

-.5 

.4 

.1 . 

1 

20000 

13 

120 

.05 

-.5 

.6 

.03 

1 

17000 

14 

60 

.05 

-.5 

.3 

.1 

1 

2 kOOO 

15 

300 

.005 

-.3 

.5 

.1 

2 

20000 

16 

60 

.01 

-.5 

.3 

.1 

1 

21000 

17 

300 

.01 

-.3 

.5 

.1 

1 

19000 

18 

300 

.01 

-.3 

.5 

.1 

1 

27000 

19 

60 

.05 

-.3 

.4 ' 

.05 

1 

19000 

20 

60 

.05 

-.3 

.3 

.3 

1 

26000 

21 

6o 

.03 

-.5 

.2 

1. 

1 

19000 

22 

30 

. .03 

-.5 

.3 

.01 

1 

24000 

23 

6o 

i05 

-.5 

-.3 

.1 

1 

25000 

24 

60 

.01 

-.3 

-.3 

.1 

1 

35000 

25 

60 

.04 

-.5 

0 

- 

- 

■ 55000 

26 

300 

.005 

-.3 

-.5 

,1 

I’ 

24100 

27 

300 

.01 

-.3 

-.5 

.1 

2 

20000 
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LOCKHEED PALO ALTO RESEARCH LABORATORY 

lOCKHEED MlSSIlfS i SPACE COMPANP. IHC 
A SOBSIOlXty Of LOCKHEED AIKCEAPf COKPOKAEION 
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, UL-lO c ARl THM« c s’j" 












of .5 showing a gradual decay with time. After about 
five minutes the velocity shifts to an inward velocity 
with a similar magnitude. The velocity gradients are 
quite constant at about 0.1. Using the Canfield and Athay 
model the surface velocity decreases by 2 in about 200 km. 
The derived velocity as a function of optical depth is 
shown in Fig, IV.C.3 for various times about 75 seconds 
apart. The curves are labeled with the frame number. 

The depth variation can only be considered qualitative 
as we did not have time to make the detailed comparisons 
necessary for each time frame. The dashed line shows the 
velocity predicted for a Mach 5 shock by Canfield and 
Athay (1974). The location we have chosen in the flare 
shows smaller velocities and velocities generally outward. 

In fitting the observed profiles it was generally not 
possible to find a value of t^ giving both the correct 
intensities and peak positions. Table IV.C.i was pre- 
pared by considering intensities, center and peak shifts 
but not absolute peak positions. The correct peak to peak 
separation was obtained by varying the Doppler half width 
Fig. IV. C. 4 shows the Doppler half width variation 
v/ith time showing an initial increase and decay and a 
later increase when the velocity changes sign. The Doppler 
half v/idth varies between .36 and .52 S. The Figure also 
shows the surface velocity and illustrates the 

initial rise followed by a steady decline and then a change 
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in direction 


The line profiles require a particular value of B to 
give the correct central intensity with respect to the 
observed continuum. The corresponding temperatures 
which we call Tg are shown in Fig. IV.C.4. The temper- 
atures derived from the Doppler half widths which we call 
Tg are given in Table IV.C.l . We note that these temp- 
eratures vary between 15000 and 33000 °K. When Tg is 
large Tg is usually also large. The Doppler half width 
may also include a contribution due to turbulence. If 
we interpret the turbulent velocity as that corresponding 
to the difference between T_ and T^. the turbulent velocities 
obtained are between 12 and 22 km/sec. These turbulent 
velocities are not nearly as large as would be required 
to decrease the large self reversals predicted by Canfield 
and Athay (1974). 

In future work we would like to consider more care- 
fully the effect of a variable Doppler width and other line 
absorption mechanisms in fitting the wing intensities. We 
would also like to consider other velocity fields, in 
particular one which changes direction at some depth as 
this is what seems to be necessary to fit the peak 
positions with respect to the line center. Of course the 
velocity field at nearby locations and in other types of 
flares would be most informative. 
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